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METHOD OF FORMING MICRO-LENSES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the field of 

semiconductor devices and more particularly to micro-lenses utilized in imager 
devices or displays. 

BACKGROUND 

[0002] The semiconductor industry currently uses different types of 

semiconductor-based imagers, such as charge coupled devices (CCDs), CMOS 
active pixel sensors (APS), photodiode arrays, charge injection devices and hybrid 
focal plane arrays, among others, that use micro-lenses. Semiconductor-based 
displays using micro-lenses are also known. 

[0003] It is desirable to maximize the amount of light received by the 

photo-conversion devices of an imager. One way to increase the light received by 
the photo-conversion devices is to increase the amount of light received by micro- 
lenses, which collect external light and focus it on the photo-conversion device. 
Another way is to enhance the positioning of the focal point of each micro-lens to 
ensure that much of the light received by the micro-lenses is focused on the photo- 
conversion devices. 

[0004] In conventional micro-lens fabrication, photo-resist is reflowed to 

form micro-lenses having radii proportional to the pixel sizes. It is hard to form a 
small micro-lens while maintaining the appropriate focal length in conventional 
micro-lens fabrication. The smaller a micro-lens made through conventional 
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processes is, the shorter the focal length becomes. Thus, it would be advantageous 
to form micro-lenses that are aspherical and have differently sized radii. 

[0005] Micro-lenses may be formed through an additive process in which 

a lens material is formed on a substrate and subsequently formed into a shaped 
micro-lens. Micro-lenses also may be formed by a subtractive process. Known 
subtractive processes, however, are complex and manufacturing micro-lenses from 
such known processes is difficult. 

SUMMARY 

[0006] The present invention provides easily manufactured micro-lenses 

which can be used in an imager or display device. In one exemplary embodiment, a 
method of forming micro-lenses includes forming a first layer on a substrate. The 
first layer includes a first material and the substrate includes a second material. The 
method also includes forming openings in the first layer emd providing an etchant 
in the openings to etch both the substrate and the first layer to prepare molds for 
micro-lenses. The etchant etches the first layer at a different rate than the substrate. 
The method further includes adding a lens material in the molds to form the micro- 
lenses. 

[0007] In another exemplary embodiment, a method of forming micro- 

lenses includes forming a first layer on a substrate and forming a second layer on 
the first layer. The first layer comprises a first material, the substrate comprises a 
second material, and the second layer comprises a third material. The method also 
includes forming an opening in the second layer and the first layer, to the substrate, 
and providing an etchant in the opening to etch the substrate, second layer, and first 
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layer to prepare molds for micro-lenses. The etchant etches the substrate at a 
different rate than the first layer, and etches the first layer at a different rate than the 
second layer. The method further includes adding a lens material in the molds to 
form the micro-lenses. 

[0008] These and other features representative of various embodiments of 

the invention will be more readily imderstood from the following detailed 
description of the invention, which is provided in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIGS. 1-5 illustrate successive fabrication steps in the process of 

forming micro-lenses in accordance with an exemplary embodiment of the 
invention. 

[0010] FIGS. 6A-6D illustrate additional fabrication steps for one aspect of 

the exemplary embodiment shown in FIG. 1. 

[0011] FIGS. 7A-7D illustrate additional fabrication steps for a second 

aspect of the exemplary embodiment shown in FIG. 1. 

[0012] FIGS. 8A-8D illustrate additional fabrication steps for a third aspect 

of the exemplary embodiment shown in FIG. 1. 

[0013] FIGS. 9A-9C illustrate the fabrication of a fourth aspect of the 

exemplary embodiment shown in FIG. 1. 
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[0014] FIG. 10 is a chart depicting etch rates of various exemplary 

materials using a variety of exemplary etchant materials. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0015] FIGS. 1-5 illustrate various processing steps in the fabrication of 

micro-lenses in accordance with an embodiment of the invention. A substrate 10 is 
provided with a layer 12 covering a top surface. The term "substrate" is to be 
understood as including a layer, which may be supported by a base semiconductor 
foundation, other semiconductor structures, other material layers, and/or devices. 
The substrate 10 is formed of a first material, such as, for example, tetraethyl 
orthosilicate (TEGS), which is reactive with certain etchants. The layer 12 is formed 
of a second material, such as, for example. Low silane formed by plasma erJianced 
chemical vapor deposition (Low silane PECVD), which is reactive with certain 
etchants. 

[0016] With specific reference to FIG. 2, a resist material 14 is deposited on 

the layer 12. Openings 16 are formed in the resist material 14 at desired positions 
over substrate 10. The position of openings 16 determines the subsequent position 
of micro-lenses. Thus, openings 16 can be positioned to achieve desired placements 
of micro-lenses. The openings 16 are patterned and resist material 14 is removed to 
form the openings 16. As shown in FIG. 3, the openings 16 are used as a template 
and an etchant is introduced to extend the openings 16 through the layer 12 to the 
surface of the substrate 10. Illustratively, the etchant used to extend the openings 16 
through the layer 12 to the surface of the substrate 10 is a dry etchant, but any 
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suitable etchant can be used. Finally, as shown in FIG. 4, the resist material 14 is 
removed, leaving the openings 16 within the layer 12. 

[0017] As shown in FIG. 5, recessed areas 18 are etched into the substrate 

10 at the base of the openings 16. The recessed areas 18 are formed by an etchant, 
for example, a wet etchant, which is reactive with the substrate 10. The wet etchant, 
which is deposited over the layer 12 and within the recessed areas 18, also reduces 
the thickness of the layer 12, which serves as an etch mask. 

[0018] The particular etchant chosen to etch the recessed areas 18 and the 

materials forming the substrate 10 and the layer 12 are chosen such that the etchant 
etches through the substrate 10 at a different rate than the rate at which it etches 
through the layer 12. Illustratively, the etchant and materials are chosen such that 
the etchant etches the material of layer 12 at a higher rate than the rate at which it 
etches the material of substrate 10. The particular etch rate ratio of layer 12 to 
substrate 10 is chosen to achieve desired dimensions for micro-lens molds formed in 
the substrate 10, and therefore, desired dimensions for subsequently formed micro- 
lenses. As the focal length of a micro-lens is dependent on the dimensions, e.g., 
radius, of the micro-lens, a desired focal length can also be achieved by choosing a 
particular etch rate ratio. Also, by forming a micro-lens mold to which a micro lens 
material can by added, inorganic micro-lenses can be formed instead of organic 
micro-lenses. Formation of micro-lens molds and micro-lenses is described in more 
detail below in connection with FIGS. 6A-9C. 

[0019] FIG. 10 is a chart showing the rates at which exemplary suitable 

materials are etched by exemplary suitable etchants. It should be noted that FIG. 10 
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is not an exhaustive listing of all suitable materials or suitable etchants. Suitable 
materials can include materials from the following classes of materials: glasses, 
oxides, silicon nitrides, and dielectric anti-reflective coatings (DARC). For purposes 
of this description, one material can be a "different material" from another where 
the materials are of a same material type, but formed are differently. 

[0020] As is known in the art, the way in which a material is formed can 

affect the rate at which a particular etchant will etch the material. For example, as 
shown in FIG. 10, a borophosphosilicate glass (BPSG), which is about 2.7 percent 
boron by weight and 7.2 percent phosphorus by weight, material deposited in a 
Watkins-Johnson machine (WJ) using a rapid temperature process (RTP) and armeal 
is etched at a rate of about 242 Angstroms/minute (A/min) by a solution of one 
percent by volume hydrogen fluoride in distilled water (HF 100:1), whereas a BPSG 
densified material, which is about 3.0 percent boron by weight and 7.6 percent 
phosphorus by weight, deposited in a Centura machine is etched by the same 
etchant at a rate of 1130 A/min. Thus, a BPSG (2.7/7.2) WJ RTP and anneal material 
is different than a BSPG (3.0/7.6) Centura densified material. For simplicity, the 
weight percents of boron and phorphorus in a BPSG material are indicated herein 
by the following notation: (weight percent boron/weight percent phosphorus). 

[0021] As noted above, materials listed in the FIG. 10 chart, as well as 

other materials, can be used as substrate 10 and/or layer 12 to achieve a desired 
layer 12 to substrate 10 etch rate ratio using a particular etchant. The greater the 
etch rate of the material of layer 12 as compared to the etch rate of the material for 
substrate 10, the more shallow the resulting lens-molds and micro-lenses will be. 
Therefore, a material and etchant combination providing a 5:1 layer 12 to substrate 
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10 etch rate ratio will yield a shallower lens-mold than a material and etchant 
combination providing a 2:1 layer 12 to substrate 10 etch rate ratio. 

[0022] FIGS. 6A-6D depict the substrate 10 in various stages of etch. The 

wet etchant used to etch the recessed areas 18 has etched the areas 18 into the 
substrate 10 and widened the areas 18 in the layer 12. As etching progresses, the 
thickness of the layer 12 continues to be reduced by the wet etchant. The wet 
etchant used to etch the areas 18 in FIGS. 6A-6C etches the layer 12 at a higher rate 
than the substrate 10, such that, for example, there is about a 3:1 layer 12 to 
substrate 10 etch rate ratio. Thus, the direction of etch is greater in the horizontal H 
direction than in the vertical V direction (FIG. 6A). 

[0023] Referring to FIG. 10, to achieve about a 3:1 etch rate ratio a 

hydrogen fluoride formulation of about ten percent by volume hydrogen fluoride in 
distilled water (HF 10:1) etches a plasma enhanced chemical vapor deposited 
(PECVD) Low Silane material layer 12 at a rate of about 1080 A/min, and a 
Tetraethylorthosilicate (TEOS) PECVD densified material substrate 10 at a rate of 
about 293 A/min. Alternatively, the following etchant and material combinations 
can be used: layer 12 can be Low Silane PECVD, substrate 10 can be any one of high 
density plasma chemical vapor deposited (HDP CVD) Oxide as deposited, HDP 
CVD Oxide densified, or fuse annealed dielectric antireflective coating (DARC), and 
the etchant can be about one percent hydrogen fluoride in distilled water (HF 
100:1); layer 12 can be phosphosilicate glass with 6.9 percent phosphorus by weight 
(PSG (6.9)), substrate 10 can be HDP CVD Oxide as deposited, and the etchant can 
be a buffered oxide etch (BOE) 20:1, which is a buffered solution of about five 
percent hydrogen fluoride by volume in distilled water; layer 12 can be a DARC 
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fuse annealed material, substrate 10 can be HDP CVD Oxide densified, and the 
etchant can be a buffered oxide etch (BOE) 20:1; or layer 12 can be BPSG (3.8/6.9) WJ 
RTF and anneal, substrate 10 can be BPSG (3.0/7.6) Centura densified, and the 
etchant can be about four percent hydrogen fluoride in distilled water (HF 25:1). 

[0024] Once the areas 18 have a desired radius, corresponding to the 

desired radius of the micro-lenses, the etched openings in substrate 10 can be used 
as a micro-lens mold 18. Where etch rates are known, achievement of the desired 
radius Ri (FIG. 6D) can be determined by the amount of time the etchant has etched 
the substrate 10 and layer 12. For example, where the desired micro-lens radius is 
represented by the structure of FIG. 6C, the wet etchant is removed and a lens 
material 20 is deposited into the areas 18 to form micro-lenses 22, as shown in FIG. 
6D. The lens material 22 can be any suitable material as is known in the art. 
Illustratively, in the embodiments of the invention described herein, the lens 
material 22 has a higher refraction index than the refraction index of the substrate 
10. Also, material 22 can be an inorganic material. 

[0025] A chemical mechanical polish (CMP) step can be conducted to 

planarize the surfaces of micro-lenses 22, as shown in FIG. 6D, to provide a flat top 
surface, which is easy to handle in later processing steps. Later processing steps can 
be conventional processing steps conducted to complete the device of which the 
micro-lenses 22 are a part. Such additional processing steps can be conducted for 
the other exemplary embodiments described herein. 

[0026] FIGS. 7A-7D show the substrate 10 in various stages of etch imder 

a different layer 12 to substrate 10 etch rate ratio than the etch rate ratio of FIGS. 6A- 
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6D. Similar to the example of FIGS. 6A-6D, the wet etchant used to etch recessed 
areas 118 in FIGS. 7A-7C has a higher rate of etch of the deposition material 12 than 
of the substrate 10. In the example of FIGS. 7A-7D, however, there is, for example, 
about a 2:1 layer 12 to substrate 10 etch rate ratio. The result is a more uniform rate 
of etch between the material of layer 12 and the material of substrate 10, and thus a 
more uniform direction of etch between the horizontal and vertical directions. 
Therefore, different dimensions, e.g., radius R2 (FIG. 7D), for the recessed areas 118 
can be achieved. Once the desired radius R2 of the micro-lenses has been etched 
into the substrate 10 forming a micro-lens mold, the wet etchant is removed and a 
lens material 20 is deposited into the areas 118 to form micro-lenses 122. A CMP 
step is conducted to planarize the surfaces of the micro-lenses 122, as shown in FIG. 
7D. 

[0027] Referring to FIG. 10, to achieve about a 2:1 layer 12 to substrate 10 

etch rate ratio, about four percent by volume hydrogen fluoride in distilled water 
(HF 25:1) can be used to etch a Low Silane PECVD material layer 12 and a TEOS 
PECVD material substrate 10. Alternatively, layer 12 can be BPSG (3.8/6.9) WJ RTP 
and armeal, substrate 10 can be Low Silane PECVD, and the etchant can be HF 10:1; 
layer 12 can be TEOS PECVD, substrate 10 can be fuse annealed DARC, and the 
etchant can be HF 100:1 or HF 25:1; layer 12 can be TEOS PECVD, substrate 10 can 
be BPSG (3.8/6.9) WJ RTP and anneal, and the etchant can be BOE 20:1; or layer 12 
can be TEOS PECVD, substrate 10 can be HDP CVD Oxide as deposited or HDP 
CVD Oxide densified, and the etchant can be HF 100:1 or HF 25:1. 

[0028] FIGS. 8A-8D show the substrate 10 in various stages of etch under 

a different layer 12 to substrate 10 etch rate ratio than the etch rate ratio of FIGS. 6A- 
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7D. Similar to the example of FIGS. 6A-7D, the wet etchant used to etch recessed 
areas 218 in FIGS. 8A-8D has a higher rate of etch of the deposition material 12 than 
of the substrate 10. In the excimple of FIGS. 8A-8D, however, there is, for example, 
about a 1.5:1 layer 12 to substrate 10 etch rate ratio. The result is a more uniform 
rate of etch between the material of layer 12 and the material of substrate 10, and 
thus a more uniform direction of etch between the horizontal and vertical 
directions. Therefore, a different shape and radii Ra for the recessed areas 218 can 
be achieved. As with FIGS. 6D and 7D, once the desired radii Ra (FIG. 8D) of the 
micro-lenses has been etched into the substrate 10, forming a micro-lens mold, the 
wet etchant is removed and a lens material 20 is deposited into the areas 218 to form 
micro-lenses 222. A CMP step is conducted to planarize the surfaces of micro-lenses 
222, as shown in FIG. 8D. 

[0029] Referring to FIG. 10, to achieve about a 1.5:1 layer 12 to substrate 10 

etch rate ratio the layer 12 can be fuse aimealed DARC, substrate 10 can be BPSG 
(3.0/6.0) WJ as deposited, and the etchant can be buffered oxide etchant (BOE) 20:1. 
Alternatively, the following material and etchant combinations can be used: layer 
12 can be Low Silane PECVD, substrate 10 can be TEOS PECVD, and the etchant can 
be HF 100:1; layer 12 can be fuse annealed DARC, substrate 10 can be Low Silane 
PECVD, and the etchant can be buffered oxide etchant (BOE) 20:1; layer 12 can be 
HDP CVD Oxide as deposited, substrate 10 can be TEOS PECVD densif ied, and the 
etchant can be HF 10:1; or layer 12 can be BPSG (3.8/6.9) WJ RTP and anneal, 
substrate 10 can be HDP CVD Oxide as deposited, and the etchant can be HF 25:1. 

[0030] Although the above described embodiments are shown having 

particular etch rate ratios of an upper layer 12 to a lower substrate 20, the invention 
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is not limited to such etch rate ratios. Accordingly, additional combinations of 
materials and etchant can be used to achieve different etch ratios and the resulting 
micro-lenses as are desired. For example, combinations of materials and etchant 
can be used to achieve a 5:1 layer 12 to substrate 10 etch rate ratio. In such a case, 
the following material and etchant combinations can be used: layer 12 can be BPSG 
(3.8/6.9) WJ RTP and anneal, substrate 10 can be HDP CVD Oxide as deposited, and 
the etchant can be HF 10:1; or layer 12 can be PSG (6.9) as deposited, substrate 10 
can be BPSG (3.8/6.9) WJ RTP and anneal, and the etchant can be BOE 20:1. 

[0031] Next, a method for forming micro-lenses having more complex 

aspherical shape is described with reference to FIGS. 9A-9C. The layer 12 is first 
formed on the substrate 10, as described above in connection with FIG. 1. However, 
prior to the deposition of the resist material 14, one or more additional layers, 
collectively referred to as second layer 112, are deposited on the first layer 12. The 
resist material 14 is then deposited and patterned on the layer 112 to form openings 
16. After using a dry etchant to form recessed areas extending to the first layer 12 
(FIG. 9B), a wet etchant is used to form molds for micro-lenses. The materials 
forming the second layer 112 and the first layer 12 are chosen to react differently to 
a specific wet etchant. Thus, the wet etchant etches the second layer 112 at a 
different rate than the first layer 12, resulting in complex, aspherical molds. The 
molds are filled with the lens material 20 to form micro-lenses 322, as shovm in FIG. 
9C, and a CMP step is conducted to planarize the surfaces of micro-lenses 322. 

[0032] Examples of etchant and material combinations for the exemplary 

embodiment of FIGS. 9A-9C are now provided. Using a wet etchant of about ten 
percent hydrogen fluoride by volume in distilled water (HF 10:1), layer 12 can be a 
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layer of Low Silane PECVD, the second layer 112 can be a layer of BPSG (3.8/6.9) WJ 
RTF and anneal or BPSG (3.0/6.0) WJ RTP and anneal, and the substrate 10 can be 
TEOS PECVD densified. Using a wet etchant of about four percent hydrogen 
fluoride by volume in distilled water (HF 25:1), layer 12 can be a layer of Low Silane 
PECVD, the second layer 112 can be a layer of BSPG (2.7/7.2) WJ RTP and anneal, 
and the substrate can be TEOS PECVD. Also, using a wet etchant of about one 
percent hydrogen fluoride by volume in distilled water (HF 100:1), layer 12 can be a 
layer of Low Silane PECVD; the second layer 112 can be a layer of BPSG (2.7/7.2) WJ 
RTP and anneal or BPSG (3.0/6.0) WJ RTP and anneal; and the substrate 10 can be 
TEOS PECVD. 

[0033] Although specific examples of material and etchant combinations 

have been provided, the invention is not limited to these specific embodiments. 
Accordingly, the invention can be practiced using other material and etchant 
combinations. While the invention has been described in detail in connection with 
exemplary embodiments known at the time, it should be readily understood that 
the invention is not limited to such disclosed embodiments. Rather, the invention 
can be modified to incorporate any number of variations, alterations, substitutions 
or equivalent arrangements not heretofore described, but which are commensurate 
with the spirit and scope of the invention. Accordingly, the invention is not to be 
seen as limited by the foregoing description, but is only limited by the scope of the 
appended claims. 
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